Sex matters a preliminary analysis of Middle East respiratory syndrome in the Republic of Korea, 2015 C onvincing evidence suggests that females and males are different in regard to susceptibility to both infectious and non-infectious diseases. Sex and gender influences the severity and outcome of several infectious diseases, including leptospirosis, tuberculosis, listeriosis, Q fever, avian influenza and SARS.
1,2,3 Sex and gender differences have been observed in vaccine response and antibiotic treatment regimens.
4,5
Although the exact mechanisms are largely unknown, behavioural as well as biological variances are likely to contribute to these differences.
Collecting and sharing data on sex during outbreaks is valuable in improving our understanding of its role on emerging infectious diseases, including Middle East respiratory syndrome (MERS). Mainstreaming sex and gender into surveillance and outbreak investigations is a priority under the Asia Pacific Strategy for Emerging Diseases (2010) . 6 Identifying sex and gender differences may guide response to public health emergencies ultimately minimizing the health, economic and social impact of emerging diseases. For single proportions, the one-sample z test was used, and the Mann-Whitney test was used to compare quantitative variables. A P-value of < 0.05 was considered significant.
For the MERS cases from the Republic of Korea, the median age for males was 55 years (range 16-87 years, n = 110); for females, it was 57 years (range 24-84 years, n = 73) (P = 0.522). The predominance of male cases in the Republic of Korea (60%) was similar to that observed in the Middle East, where has been related to more frequent occupational exposure to camels (the putative animal reservoir of MERS-CoV).
8,9
A similar predominance of male cases was also observed in nosocomial outbreaks in the Middle East; 10 however, reasons for this have not been investigated. For the Republic of Korea outbreak, exposure to camels was unlikely for the primary cases.
When the MERS cases were stratified by age and sex, the highest numbers were observed for males aged 40-49 years (23 males compared with 11 females; P = 0.036) (Figure 1) . This age and sex distribution was different from the overall Korean population that has a large proportion of young and middle-aged adults in both sexes.
11 However, the source population for the MERS cases (i.e. population exposed at hospitals) might be different from the general population. Although the sex ratio among MERS cases appeared biased towards males, there was some evidence -as shown belowthat more females were exposed. Stratification by type of exposure, including hospital patients (n = 92), hospital visitors (n = 61) and health-care workers (HCW; n = 24) pandemic in the Republic of Korea in 2009; 13 however, the overall predominance of males among visitors is enigmatic as it has been shown that females in the Republic of Korea are more likely to care for their sick relatives.
14 That most cases were males also suggests that more visitors (i.e. spouses) and subsequent cases were female.
Another possible explanation for the excess of male cases could be differences in health-seeking behaviour and access that resulted in subsequent surveillance bias with underdiagnosing and underreporting of female patients. However, this seems unlikely as active surveillance and case finding were conducted in this outbreak. In addition, a recent study demonstrated that medical care utilization in the Republic of Korea is considerably higher in females.
15
A predominance of male cases has also been documented in patients with pneumonia caused by influenza A(H1N1) infections, and smoking was the most relevant and independent risk factor during the 2009 (six cases with unknown or undefined exposure were not included) revealed further details (Figure 1) . First, the male-to-female ratio was similar for cases exposed as hospital patients and hospital visitors (1.70:1 and 1.75:1, respectively); the opposite was seen for HCW (ratio 0.7:1). Although the preponderance of HCW female cases might be explained by more females working in the health-care sector, the number of female HCW is at least three times that of male HCW.
12
Therefore, if the risk of infection is not associated with sex, then a male-to-female ratio of 0.3:1 or below would be expected.
Second, the age distribution between the sexes was comparable for both patients and HCW; among visitors, the age distribution varied between males and females. For visitors, while most of the younger cases were males, the age group wuth the highest number of female cases was 60-69 years. One possible reason for this might be differences in perceptions and behaviours related to hygienic measures as observed in the influenza A(H1N1) There are several limitations to this analysis which have to be considered. We provide only a preliminary analysis of the available data to generate initial hypotheses about sex-specific differences for the MERS outbreak in the Republic of Korea. Case-based data on other potential risk factors were not available. Also, denominators for the exposure groups by sex were unknown. However, this initial assessment could have immediate implications for disease prevention and control. In addition to more targeted prevention measures, future clinical and epidemiological studies on MERS should include sex and gender-specific analysis, as comparing groups with different proportions of male or female subjects may introduce confounding effects.
This analysis of the outbreak of MERS in the Republic of Korea revealed relevant sex-specific differences. While this preliminary analysis cannot provide a complete picture of sex and MERS, it raises awareness among public health professionals and healthcare providers to recognize sex as a relevant determinant in the epidemiology of MERS. Further epidemiological and virological investigations are needed to better understand the nature of this disease as many unknowns remain, including those related to sex and gender.
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